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(54) Title of the Invention 

REFLECTION TYPE ACTIVE MATRIX ARRAY 

Specification 

1. Title of the Invention 

REFLECTION TYPE ACTIVE MATRIX ARRAY 

2. Claims 

[Claim 1] A reflection type active matrix array, 
comprising: a first connection electrode formed of conductive 
material on the lower layer of a first reflection electrode; 
a second connection electrode formed of conductive material 
on the lower layer of a second reflection electrode in the 
vicinity of the first reflection electrode; and wiring 
electrically connecting the first connection electrode and the 
second connection electrode to each other, wherein the 
connection electrodes and the wiring are put in the state of 
being electrically insulated from the reflection electrodes. 

[Claim 2] The reflection type active matrix array 
according to claim 1, wherein a metal thin film, which is made 
of metal material having a boiling point or a melting point 
different from that of the material forming the connection 
electrodes, is formed on the first and second connection 
electrodes . 

[Claim 3] The reflection type active matrix array 
according to claim 1, wherein a gate signal line or a source 
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signal line of an active matrix array is not formed between 
the first connection electrode and the second connection 
electrode . 

[Claim 4] The reflection type active matrix array 
according to claim 1, wherein a switching element for applying 
a signal to the reflection electrodes is a two-terminal element 
or a three-terminal element, and includes a disconnecting region 
for cutting at least one terminal of the terminals which the 
element has from the signal line for applying a signal to the 
reflection electrodes or the switching element. 

[Claim 5] The reflection type active matrix array 
according to claim A, wherein the reflection electrode is not 
formed on at least one disconnecting region. 

3. Detailed Description of the Invention 
Industrial Field of Application 

This invention relates to a reflection type active matrix 
array used in an active matrix type liquid crystal display 
device . 

Prior Art 

In recent years, with an increase in number of pixels 
of the liquid crystal display device, the number of scanning 
lines has been increased, resulting in lowering of display 
contrast and response speed in the passive matrix liquid crystal 
display device used heretofore. Therefore, an active matrix 



3 



type liquid crystal display device, in which a switching element 
is disposed in each pixel, has been utilized. As the active 
matrix type liquid crystal display devices, cited are two kinds 
of devices: a transmission type in which display is performed 
by transmission of light and a reflection type in which display 
is performed by reflection. A transmission type active matrix 
array is used in the transmission type active matrix liquid 
crystal display device, and a reflection type active matrix 
array is used in the reflection type active matrix liquid crystal 
display device. In the active matrix array, however, it is 
necessary to form tens of thousands or more of pixel driving 
switching elements such as thin film transistors (hereinafter 
referred to as TFT) on one substrate . Therefore, it is difficult 
to form all of TFT free of defect. So it has been expected 
to repair the manufactured active matrix array and improve the 
yield. 

The defect of the TFT will now be described. The 
description is made on supposition that a drain terminal of 
the TFT is connected to a reflection electrode. As the defects 
of the TFT, cited are three kinds. The first is a source to 
gate short-circuit defect of the TFT, resulting in entering 
a display mode called a line defect as display. The second 
is a gate to drain short-circuit defect of the TFT, resulting 
in a pixel defect called a dark defect as display. The last 
is a source to drain short-circuit defect of the TFT, resulting 
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in a pixel defect called an illuminated defect of the TFT as 
display. Since the above defects deteriorate the display 
quality of the liquid crystal display device, it is necessary 
to perform repairing. 

The conventional reflection type active matrix array will 
now be described. Fig. 11 is a plan view of the conventional 
reflection type active matrix array. Fig. 12(a) is a sectional 
view taken along line GG' of Fig. 11, and Fig. 12(b) is a sectional 
view taken along line H H' of Fig. 11. In the Fig. 11 and Figs. 
12 (a), (b) , the reference numerals la to Ic are source signal 
lines, 2ato2caregatesignallines, 3a to 3dare source terminals 
of TFTs, 4a to 4d are gate terminals of the TFTs, 5a to 5d are 
drain terminals of the TFTs, 7a to 7d are contact holes for 
connecting a reflection electrode and a drain terminal, 8a to 
8d are reflection electrodes, 11 is an insulating substrate, 
and 12 is an insulator film. In this case, in the drawing of 
the reflection type active matrix array, there are enlarged 
or reduced parts. It is assumed that the surface where the 
reflection electrode is formed is called a display, and the 
insulating substrate is called the back- The above assumption 
is the same as that in the following drawings. 

In the conventional reflection type active matrix array, 
the TFT is constructed by the source terminal connected to the 
source signal line, the gate terminal connected to the gate 
signal line and the drain terminal, and the drain terminal is 
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connected to the reflection electrode through the contact hole. 
The TFT is controlled according to a signal applied to the gate 
signal line and the source signal line, and applies predetermined 
voltage to the reflection electrode. Fig. 13 is an equivalent 
circuit diagram of the conventional reflection type active 
matrix array. In Fig. 13, the reference numerals Gi to G4 are 
gate signal lines. Si to S3 are source signal lines, Tn to T42 
are TFTs, and Pn to P43 are reflection electrodes. Fig. 14 is 
a sectional view of a liquid crystal display device, which is 
assembled after an opposite electrode substrate and the like 
are mounted on the reflection type active matrix array. In 
Fig. 14, the reference numeral 29 is an alignment layer formed 
on the surface of the reflection electrode, 30 is liquid crystal, 
33 is a transparent substrate such as glass, 32 is a transparent 
electrode formed of ITO on the transparent substrate 33, and 
the reference numeral 31 is an alignment layer formed on the 
transparent electrode 32. As to the operation, the liquid 
crystal 30 changes depending on the voltage applied to the 
reflection electrode. The light entering from the glass 
substrate 33 is polarized by the liquid crystal 30, and reflected 
by the reflection electrode. An image is projected by the 
reflected light. 

The repair method for the conventional active matrix array 
will now be described. When a defect occurs in the TFT, taken 
is a method for making it a hardly noticeable dark defect. As 
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the repair method, laser is applied to the TFT, thereby breaking 
the TFT. 

Problems that the Invention is to Solve 
In the conventional active matrix array and the repair 
method for it, however, all we can do is to make the line defect 
and the illuminated defect the dark defect . Naturally the dark 
defect is the defect, which remarkably deteriorates the display 
quality. Since the whole TFT is broken, there is very high 
risk that the constitutive material of the TFT is peeled by 
laser or the like to cause short-circuit with the reflection 
electrode of the upper layer. When the above short-circuit 
occurs, line defect is caused in most cases, so there is no 
redress for the array. In some irradiation state of laser, only 
the gate of the TFT is disconnected to enter the floating state, 
mostly resulting in that the TFT writes an abnormal signal to 
the reflection electrode to get worse than before irradiation 
of laser. Therefore, in the present circumstances, the 
conventional reflection type active matrix array has been hardly 
repaired. So the yield is very bad, and the cost becomes high, 
and when the number of pixels amounts to tens of thousands or 
more, probably it is impossible to manufacture all of TFTs on 
one array free from defect . 

This invention has been made in the light of the above 
problems and provides a reflection type active matrix array, 
which may be repaired so that visually it looks to be completely 
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free from defect when an image is displayed. 
Means for Solving the Problem 

In order to solve the problem, the reflection type active 
matrix array of this invention includes: a first connection 
electrode formed of conductive material on the lower layer of 
a first reflection electrode; a second connection electrode 
formed of conductive material on the lower layer of a second 
reflection electrode in the vicinity of the first reflection 
electrode; and wiring electrically connecting the first 
connection electrode and the second connection electrode to 
each other, wherein the connection electrodes and the wiring 
are put in the state of being electrically insulated from the 
reflection electrodes • 

Operation 

When defect occurs in a switching element of the reflection 
type active matrix array of the invention, first the switching 
element and the first reflection electrode are separated from 
each other not to apply voltage to the first reflection electrode 
where the switching element is driven* Subsequently, laser 
is applied to the first connection electrode, which is formed 
on the lower layer of the separated first reflection electrode, 
from the back of the active matrix array, thereby connecting 
the first connection electrode and the first reflection 
electrode of the upper layer to each other. Laser is applied 
to the second connection electrode formed on the lower layer 
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of the second reflection electrode adjacent to the first 
reflection electrode from the back of the active matrix array, 
thereby connecting the second connection electrode and the 
second reflection electrode of the upper layer. Whereupon, 
voltage is applied to the first reflection electrode by the 
switching element for driving the second reflection electrode. 
That is, one switching element causes the pixels located on 
the two reflection electrodes to perform the same display, but 
in the case of animation of a television image, the pixels are 
almost the same color and luminance as those of the adjacent 
pixels so that visually it looks to be normal lighting. Since 
normally the driving capability of the switching element is 
designed to be rather larger, one switching element can 
sufficiently drive even two reflection electrodes. 
Embodiments 

One embodiment of a reflection type active matrix array 
according to the invention will now be described with reference 
to the drawings. 

Fig. 1 is a plan view of the reflection type active matrix 
array according to the invention, seen from the surface thereof . 
Fig. 2(a) is a sectional view taken along line A A' of Fig. 
1, and Fig. 2(b) is a sectional view taken along line B B' of 
Fig. 1. In Fig. land Figs. 2(a) and (b) , the reference numeral 
13 is an insulating substrate such as glass, la to Ic are source 
signal lines, 2a to 2b are source signal lines, 3a to 3d are 
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source terminals of TFTs, 4a to 4d are gate terminals of the 
TFTs, 5a to 5d are drain terminals of the TFTs, 6a to 6d are 
wiring (hereinafter referred to as reflection electrode wiring) 
connecting the drain terminals of the TFTs and the reflection 
electrodes, 7a to 7d are contact holes, 8a to 8d are reflection 
electrodes, 10a to lOd are electrodes (hereinafter referred 
to as connection electrodes) formed on the lower layers of the 
adjacent reflection electrodes, 11a to llh are metal thin films 
formed of metal material on the connection electrodes, 12a to 
12d are wiring (hereinafter referred to as connection wiring) 
electrically connecting the connection electrodes, and 14 is 
an insulator film formed of SiNx or the like. 

As clear in Fig. 1 and Figs. 1(a) and (b) , the drain 
terminals of the TFTs are connected to the reflection electrodes 
by reflection electrode elements. Two connection electrodes 
are formed on the lower layer of each reflection electrode. 
The connection electrodes are formed of a metal thin film such 
as Ti, Al, or Cr, and the film thickness" thereof should be 500 
angstrom or more, preferably 2000 angstrom or more. On the 
connection electrode, a thin metal film is formed of metal 
different from that of the connection electrode. As the metal 
thin film material, Al or the like is preferable, and the film 
thickness thereof ispreferably 1000 angstrom or more . Arecess 
part is formed in each terminal of the TFT. The recess part 
is provided for improving disconnecting performance of 
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machining means, and when the machining means uses laser, 
preferably the recessed part is formed narrower than the beam 
diameter. Since the wiring connecting the connection 
electrodes intersects the source signal lines, an insulating 
thin film 15 is formed to keep electric insulation from the 
source signal lines. 

As a method of manufacturing the reflection type active 
matrix array of the invention, the gate terminal and the 
connection electrode of the TFT are formed on the insulating 
substrate 13, and subsequently the metal thin film or the like 
is formed. After that, the insulator film 14 such as SiNx is 
formed. Subsequently, boring for the contact hole is performed, 
and then a thin film mainly composed of Al is formed in order 
to form the reflection electrode. Lastly the reflection 
electrode is separated from the adjacent pixel by etching to 
complete the active matrix array. 

Fig. 3 is an equivalent circuit diagram of a reflection 
type active matrix array according to a first embodiment of 
the invention. In Fig. 3, the reference numeral 16 is a source 
signal line, 17 is a gate signal line, 18 is a connection wiring, 
19 is a reflection electrode, 20 is a connection electrode, 
and 21 is a TFT. 

Each TFT 21 is connected to the reflection electrode 19, 
and connected to the connection electrodes formed in the lower 
layer of the reflection electrode adjacent to the lower side 
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of the above reflection electrode. 

Although the reflection electrode wiring is formed, this 
may be considered to include the drain terminal of the TFT. 

A repair method for the reflection type active matrix 
array of the invention will now be described. First, Fig. 4 
is a sectional view taken along line B B' of Fig. 1. In Fig. 
4, the reference numeral 19 is a locus of laser light (hereinafter 
referred to as a light beam) , which is obtained by focusing 
laser light of YAG laser or light from a light source such as 
a xenon lamp. In order to repair the reflection type active 
matrix array of the invention, a light beam generated by 
machining means (not shown) is transmitted through the 
insulating substrate 13, and a constitutive material at a 
machining position is heated. Fig. 5 shows a plan view of the 
reflection type active matrix. In Fig. 5, the reference 
numerals 23, 24 and 25 are irradiation positions of the light 
beam (hereinafter referred to as irradiation position) , and 
21a and 21b are TFTs . Fig. 5 shows the condition where repairing 
is performed when source to drain short-circuit defect 
(hereinafter referred to as illuminated defect) or gate to drain 
short-circuit (hereinafter referred to as dark defect) occurs 
in the TFT 21b. 

First, the reflection electrode wiring 5b is disconnected 
at the irradiation position 23 not to apply voltage from the 
TFT 21b where defect occurs to the reflection electrode 8b. 
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In thus disconnecting, the power of the light beam is lowered 
to the utmost and applied separately to the same portion two 
or more times so that short-circuit is not caused in the 
reflection electrode 8b formed on the upper layer. In the case 
of using laser for the machining means, preferably it has a 
wavelength hardly absorbed in the constitutive material of the 
reflection electrode wiring, and YAG laser or the like is optimum. 
As to the number of pulses, it is good that two or more laser 
pulses are applied to the irradiation position to thereby 
disconnect, and preferably the laser power is adjusted to apply 
five or more laser pulses for disconnection. 

Subsequently, the laser beam is applied to the irradiation 
positions 24 and 25, thereby connecting the connection electrode 
10b and the reflection electrode 8a formed on the upper layer 
to each other and the connection electrode 10c and the reflection 
electrode 8b formed on the upper layer to each other. In the 
case of using laser for the above machining, preferably it has 
a wavelength to be easily absorbed in the constitutive material 
of the connection electrode, and a second high frequency of 
the YAG laser or the like is optimum. As to the laser power, 
when the energy per pulse is increased to decrease the number 
of pulses to the utmost, connection can be favorably achieved. 

Although the YAG laser with a wavelength of 1.06 ^im may be used, 
it will be sufficient in that case to apply laser power, which 
approximately doubles the laser pulse applied to the irradiation 
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position 23. First the laser beam is applied to the connection 
electrode 10a • Whereupon, the metal constituting the connection 
electrode is molten or evaporated, and further the laser beam 
heats even the metal thin film of the upper layer. 

In that case, since the connection electrode and the metal 
thin film are different in the melting point of the constitutive 
material, while the constitutive material of one of them is 
still in the ablation state, the other breaks the insulator 
film 14 to strike against the reflection electrode of the upper 
layer so that connection is favorably performed. 

That is, in machining the irradiation position 23, weak 
laser power is irradiated two or more times so that the 
constitutive material of the above position is not evaporated 
to the utmost, and in machining the irradiation positions 24 
and 25, strong laser power is irradiated to evaporate the 
constitutive material, so the reflection electrode is put in 
the connecting state by peeling of the connection electrode 
and the metal thin film. 

Figs. 7(a) and (b) are sectional views of a reflection 
type active matrix when repairing is ended. Fig. 7(a) is a 
sectional view taken along line C C of Fig. 5, and Fig. 7(b) 
is a sectional view taken along line D D' of Fig. 5. As clear 
in Figs. 7 (a) and (b) , the machining position 23 is electrically 
disconnected, and at the irradiation positions 24 and 25, the 
insulator film 14 is broken to make connection to the reflection 
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electrodes 8a and 8c of the upper layer. 

Although the irradiation position 23 is machined and then 
the irradiation positions 24 and 25 are machined, needless to 
say, the order of the processes may be reversed- In the case 
where the gate to source short-circuit defect (hereinafter 
referred to as line defect) occurs in the TFT 21b, the source 
terminal 3b and the gate terminal 4b or the drain terminal 5b 
of the TFT 21b are disconnected. 

The above repair method is the same as that in the following 
reflection type active matrix array in accordance with the 
invention. 

A second embodiment of a reflection type active matrix 
array according to the invention will now be described. Fig. 
8 is a plan view of a reflection type active matrix array according 
to the second embodiment of the invention. In Fig. 8, the 
reference numerals 26, 27 and 28 are machining positions . Fig. 
9(a) is a sectional view taken along line E E' of Fig. 8, and 
Fig. 9(b) is a sectional view taken along line F F' of Fig. 
8. In the second embodiment, a reflection electrode is not 
formed on a reflection electrode wiring and an upper layer of 
a gate terminal of a TFT. Therefore, in applying a laser beam 
to the machining position 26 or the gate terminal to thereby 
perform disconnection, even if a pin hole or the like is caused 
in an insulator film 14 of the cutting part, or even if the 
laser power is wrongly adjusted, there is no risk that the 
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terminal or the wiring causes short-circuit with the reflection 
electrode of the upper layer. Accordingly, the accuracy is 
not required in adjusting the laser power, and in repairing 
the array, the problem of causing defectives is prevented. 
Moreover, in the second embodiment, the array is constructed 
not to form a region where the connection wiring and the source 
signal wiring intersect each other. Thus, not encountered is 
the problem in the first embodiment, wherein a pinhole is caused 
in the insulating thin film 15 formed on the source signal line, 
and the connection wiring and the source signal line 
short-circuit through the pinhole, and further the advantage 
is that the process of forming the insulating thin film 15 is 
not needed. Fig. 10 is an equivalent circuit diagram of the 
reflection type active matrix array according to the second 
embodiment of the invention. 

Although the connection electrode is formed of metal 
material, this is not restrictive, but amorphous silicon having 
good absorption of laser light, for example, may be used. 

Although the connection wiring puts the connection 
electrode formed on the lower layer of the adjacent reflection 
electrode in the connecting state, this is not restrictive, 
but apparently it may connect the connection electrodes to each 
other, which are formed on the lower layer of the reflection 
electrode in the vicinity. 

Although the switching element is the TFT in the 
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embodiments of the invention, this is not restrictive, but it 
may be a two-terminal element such as a diode. 

Although the insulating thin film 15 is formed on the 
source signal line to form the connection wiring in the first 
embodiment, this is not restrictive, but it goes without saying 
that the insulating thin film 15 is formed on the gate signal 
line to form the connection wiring. 

Advantage of the Invention 

According to the invention, in the reflection type active 
matrix array, one or more terminals of the terminals of the 
switching element may be disconnected, and the connection 
electrode and the connection wiring are formed on the lower 
layer of each reflection electrode. Therefore, in the repair 
method for the reflection type active matrix array of the 
invention, first the terminal of the defective switching element 
is disconnected, thereby preventing the switching element from 
applying a signal to the reflection electrode. Subsequently, 
a laser beam or the like is applied to the connection electrode 
formed on the lower layer of the reflection electrode and the 
connection electrode formed on the lower layer of the adjacent 
reflection electrode, thereby connecting the connection 
electrode and the reflection electrode to each other. By the 
above method, the reflection electrode to which the defective 
switching element is connected is normally driven by the 
switching element adjacent thereto. According to the above 
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reflection type active matrix array and the repairing method 
for it, defects of almost all of the switching elements can 
be redressed so that the yield of the array is raised close 
to 100%. Therefore, the manufacturing cost of the reflection 
type active matrix array can be remarkably reduced. This 
becomes immeasurable as the number of pixels formed on one array 
increases, which produces a large effect that even an array 
having hundreds of thousands of pixels, which has not been 
manufactured as non-defective heretofore, can be easily 
manufactured . 

4. Brief Description of the Drawings 

Figs. 1 and 5 are plan views of a reflection type active 
matrix array according to a first embodiment of the invention. 

Figs. 2(a) and (b) and Fig. 4 are sectional views of Fig. 

1, 

Figs. 3 and 6 are equivalent circuit diagrams of the 

reflection type active matrix array according to the first 

embodiment of the invention. 

Figs. 7(a) and (b) are sectional views of Fig. 5, 
Fig. 8 is a plan view of a reflection type active matrix 

array according to a second embodiment of the invention. 
Figs. 9(a) and (b) are sectional views of Fig. 8, 
Fig. 10 is an equivalent circuit of a reflection type 

active matrix array according to a second embodiment of the 

invention. 
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Fig. 11 is a plan view of the conventional reflection 
type active matrix array. 

Figs. 12 (a) and (b) are sectional views of Fig. 11/ 

Fig. 13 is an equivalent circuit diagram of the 
conventional reflection type active matrix array, and 

Fig. 14 is a sectional view of a liquid crystal display 
device. 
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[FIGURE 1] 

la to Ic : source signal line 2a to 2c : gate signal line 3a 
to 3d : source terminal 4a to 4d : gate terminal 5a to 5d ' 
drain terminal 6a to 6d : reflection electrode wiring 7a to 
7d : contact hole 8a to 8d : reflection electrode 10a to lOh : 
connection electrode 11a to llh : metal thin film 12a to 12d • 
connection wiring 

[FIGURE 2] 

13: insulating substrate 14: insulator film 15: insulating 
thin film 

[FIGURE 3] 

16: source signal line 17: gate signal line 18: connection 
wiring 19: reflection electrode 20: connection electrode 
21: TFT 

[FIGURE 4] 

22: locus of laser light 
[FIGURE 5] 

23 to 25: irradiation position 

[FIGURE 6] 
21a, 21b: TFT 



21 



[FIGURE 8] 

26 to 28: irradiation position 
[FIGURE 13] 

Gi to G4 : gate signal line Si to S3 : source signal line Tn 
to T43 : TFT Pii to P43 : reflection electrode 

[FIGURE 14] 

29, 31: alignment layer 30: liquid crystal 32: transparent 
substrate 33: opposite electrode 
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